1. Introduction
===============

Uterine leiomyosarcoma (ULMS) is a rare smooth-muscle tumor with an annual incidence of only 0.35--0.64 per 100,000 women in the US.^\[[@R1],[@R2]\]^ An epidemiologic study on soft tissue sarcoma (STS) in China reported that 10.9% of all STS cases were located in female genital organs and 5.97% of all STS cases were leiomyosarcoma.^\[[@R3]\]^ The incidence of ULMS was very low, but the proportion of unexpected ULMS was as high as 46% of all ULMS cases.^\[[@R4]\]^ One of the greatest challenges is the differential diagnosis between ULMS and leiomyoma preoperatively because symptoms and signs of both these tumors are similar.^\[[@R5]\]^ Studies have demonstrated that preoperative endometrial sampling, magnetic resonance imaging, and measurements of serum lactate dehydrogenase level may be helpful but still have limitations in making a differential diagnosis.^\[[@R5],[@R6]\]^

The risk of occult ULMS is between 0.12% and 2.3% for women undergoing minimally invasive hysterectomy or myomectomy for benign indications.^\[[@R4],[@R7],[@R8]\]^ All women with uterine smooth muscle tumors carry the risk of developing ULMS; however, the distribution of occult ULMS throughout overall ULMS, as well as all uterine smooth muscle tumors, is not clearly understood due to limited literature. In this context, the objective of this study was to obtain additional data by calculating the risk of overall and occult ULMS during gynecological procedures, which would improve the accuracy of such models and better inform patients.

2. Patients and methods
=======================

This study was approved by the institutional review board of the Fourth Hospital of Hebei Medical University, and the requirement for informed consent was waived due to the retrospective nature of the study. We identified patients diagnosed with smooth-muscle tumors of the uterus, including leiomyosarcoma and leiomyoma (epithelioid, myxoid, cellular, bizarre, angioleiomyoma, and angiomyoleiomyoma) who underwent gynecological surgery between January 2008 and December 2017, using the medical record system. The medical records of all patients were retrieved and reviewed. Patients with a histopathologically confirmed diagnosis of ULMS and leiomyoma, who underwent intimal surgical treatment at our institute, were included. This naturally implies that referral patients after primary tumor resection at other hospitals were excluded.

Cases were classified as occult ULMS if any type of malignancy was neither considered preoperatively nor stated as an indication for surgery. The study was divided into two 5-year periods: 2008 to 2012 and 2013 to 2017. Patients were categorized into 6 10-year age groups: ≤29, 30 to 39, 40 to 49, 50 to 59, 60 to 69, and ≥70 years.

Characteristics of all samples and ULMS were compared between periods and age groups, and the number of tumors using chi-squared or Fisher exact tests for categorical variables and Mann--Whitney *U* tests for continuous variables. All *P*-values were two-tailed. All statistical analyses were performed using the SPSS version 25.0 program (SSPS, Inc., Chicago, IL). The level of significance was set at 0.05.

3. Results
==========

From January 2008 to December 2017, 9556 women with ULMS and leiomyoma, aged 44 years (median range 14--92 years) were included in this study. Of these patients, 28 had ULMS with a median age of 52 years (range 34--76 years), and 9528 cases of leiomyoma with a median age of 44 years (range 14--92 years). The age difference between ULMS and leiomyoma patients was statistically significant by the Mann--Whitney *U* test (*Z* = -4.630, *P* \< .001).

Table [1](#T1){ref-type="table"} shows the differences in patient characteristics among the surgical approaches and tumor resection methods. Minimal invasive surgeries, including laparoscopic and hysteroscopic surgeries, increased from 42.68% during 2008 to 2012 to 66.47% during 2013 to 2018. There was a statistically significant upward trend in the number of women who underwent laparoscopic and hysteroscopic surgeries in the last 5 years (χ^2^ = 305.81, *P* \< .001, and χ^2^ = 98.134, *P* \< .001, respectively). In contrast, myomectomy cases showed a significant increase in the last 5 years (χ^2^ = 77.216, *P* \< .001).
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Sample characteristics.
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The overall prevalence of ULMS was 0.29% or 1:345 patients and that of occult ULMS was 0.07% (7 patients) or 1:1429 patients. Occult ULMS was observed in 25.00% of all ULMS cases. Table [2](#T2){ref-type="table"} provides details on the characteristics and prevalence rates of ULMS. The prevalence of overall and occult ULMS was 0.34% and 0.12%, respectively, during 2008 to 2012, and was slightly decreased to 0.26% and 0.04%, respectively, during 2013 to 2018. The difference was not statistically significant (*χ*^2^ = 0.476, *P* = .490, and *P* = .251). The prevalence rates of overall ULMS were 0.21%, 0.13%, 0.52%, 2.12%, and 6.67% for the 30 to 39, 40 to 49, 50 to 59, 60 to 69, and ≥70 age groups, respectively. There was a significant difference among age groups (χ^2^ = 93.845, *P* \< .001). The prevalence rates of occult ULMS were 0.05%, 0.08%, and 0.12% for the 30 to 39, 40 to 49, and 50 to 59 age groups, respectively. There was no statistically significant difference among age groups.

###### 

Characteristics and prevalence of ULMS.
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Figure [1](#F1){ref-type="fig"} represents the age distribution and prevalence of ULMS. The number of overall ULMS was distributed in a normal pattern between 30 and over 70 years of age with a peak at 50 to 59 years of age. However, the prevalence rates were similar in the age groups of 30 to 39 years and 40 to 49 years, and consistently increased after 50 years of age. The number of occult cases was distributed in a normal pattern between 30 and 59 years of age with a peak at 40 to 49 years of age. The prevalence rates were similar among the three groups. Interestingly, occult ULMS skewed to the left side, which corresponds to younger age of patients and lower prevalence of ULMS. There was no proportional relationship in terms of number or prevalence between overall and occult ULMS. Another interesting finding was that the prevalence of ULMS was 0.41% and 0.16% for solitary and multiple tumor masses, respectively. Patients with solitary masses were associated with a statistically significant increased risk of ULMS (OR = 1.402, 95% CI = 1.131--1.738).

![The age distribution and prevalence of ULMS. The occult ULMS distributes in low age groups and there was no overlap between the overall and occult number of ULMS. The prevalence of occult ULMS does not increase with overall prevalence. ULMS = uterine leiomyosarcoma.](medi-99-e21766-g003){#F1}

4. Discussion
=============

This cohort study evaluated all pathologically validated ULMS cases in our institute from January 2008 to December 2017. In contrast to previous studies that only included laparoscopic surgery or morcellation patients for presumed leiomyoma, our study included all ULMS patients and all types of surgery. The broad inclusion of tumor and surgery types provides a true picture of the relationship between occult and overall ULMS as well as all uterine smooth muscle tumors.

The prevalence rates of overall and occult ULMS were 0.29% or 1:345 patients and 0.07% or 1:1429 patients in our study population. Our result is in agreement with a previous study conducted by Van Den Haak et al^\[[@R4]\]^ which reported that the prevalence rates of overall and occult ULMS were 0.25% or 1:400 patients and 0.12% or 1 in 865 patients undergoing all types of surgeries. Occult ULMS, especially after morcellation, is a serious clinical problem that warrants investigation. The U.S. Food and Drug Administration (FDA) published its initial safety communication, which reported that the risk of occult ULMS after morcellation was 0.2% or 1 in 498 patients.^\[[@R9]\]^ Rodriguez et al. recently reported that the prevalence of occult ULMS in presumed morcellation cases was 0.14% or 1 in 714 patients.^\[[@R10]\]^ Cao et al reported that the prevalence of occulted ULMS was 0.11% (29/26643) and that of morcellation was 0.02%.^\[[@R11]\]^

Few studies have reported the proportion of occulted cases in all ULMS. Van Den Haak et al reported that the proportion of occult ULMS was 46%.^\[[@R4]\]^ The proportion of occult ULMS in the present study was 25%, which is lower than that reported in a previous study.^\[[@R4]\]^ This may be explained by the fact that the ULMS cases were retrieved from different types and levels of the hospitals. Study conducted in the Netherlands included different types and levels of hospitals nationwide, while the present study included only one cancer center in our province.

There was no proportional relationship between the number and prevalence of overall and occult ULMS. We calculated the prevalence of overall ULMS based on age groups and found that it constantly increased with age after 50 years. Moreover, we found that the prevalence of occult ULMS was stable between 30 and 59 years of age and even decreased to zero after 60 years of age. A population-based study emphasized the same trend in overall uterine sarcoma prevalence among patients with leiomyoma, undergoing surgery.^\[[@R12]\]^ However, a study published by Rodriguez et al^\[[@R10]\]^ reported that the incidence of occult ULMS increased with age following laparoscopic hysterectomy or myomectomy. They also stated that no occult leiomyosarcoma was identified in patients aged 40 years and younger, who underwent laparoscopic myomectomy. Given that young women, especially those aged 40 years and younger, are at the lowest risk, several gynecological associations take into consideration possible consequences following an increased number of abdominal hysterectomies in them. We cannot share this view because it will increase the occurrence of occult ULMS that is presumably excluded for malignancy in low-risk populations. As shown in Figure [1](#F1){ref-type="fig"}, occult ULMS was skewed towards younger age with a stable prevalence, while no case was found in the elderly, who were at the highest risk of ULMS. The possible explanation for this by Van Den Haak et al^\[[@R4]\]^ is that the highest risk for preoperatively unrecognized ULMS was at age 40 to 50 years, in which malignancy was suspected in only 15% of women, as opposed to 53%, 63%, and 80% in women aged 50 to 60, 60 to 70, and over 70 years. A study at Johns Hopkins University demonstrated that only one woman underwent morcellation of an occult uterine sarcoma during 10 years.^\[[@R13]\]^ Therefore, patient safety may improve, and the risk of occult ULMS would reduce if we suspect malignancy in all patients with uterine smooth muscle tumors and perform comprehensive preoperative assessments.

Our data demonstrates that the risk of occult ULMS in women undergoing uterine surgery is not necessarily increased by the preference of adopting minimally invasive surgery. Although the proportion of laparoscopic and hysteroscopic lesions increased from 42.68% during 2008 to 2012 to 66.47% during 2013 to 2018, the prevalence of overall ULMS remains stable and that of occult ULMS was almost the same. A study at Johns Hopkins Hospital reported low risk of occult uterine malignancy when the utilization of minimally invasive surgeries increased significantly from 39.9% to 82.9% during 2005 to 2014.^\[[@R13]\]^ After the FDA released its initial safety communication, which discourages the use of power morcellation for the treatment of leiomyoma, there has been a new reliance on abdominal myomectomy to avoid tissue fragmentation in sarcoma cases.^\[[@R14],[@R15]\]^ Several options, such as scalpel-based or in-bag, contained morcellation, may be a safer alternative for tissue extraction in minimally invasive gynecological surgeries. Another way to control the risk of occult ULMS at a low level is to adopt a more nuanced approach using careful preoperative patient selection, with peer-review and rigorous informed consent processes. However, the best way to eliminate occult ULMS is to develop reliable, novel, and early detection strategies for differential diagnosis of ULMS and leiomyoma.

The prevalence of overall and occult ULMS was 0.29% and 0.07% in all surgeries for the treatment of uterine smooth muscle tumors. Although there is no method to accurately diagnose ULMS preoperatively, there is still hope for reducing occult ULMS because the prevalence of occult and overall ULMS is not proportional to age. Maintaining a potential malignant diagnosis in mind is critical to reducing the prevalence of occult ULMS.
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